INTRODUCTION
The agar gel immunodiffusion test (AGID) has been used to demonstrate the serological relationship between members of the Orthopoxvirus group (Esposito et al., 1977) , the Avipoxvirus group (Uppal & Nilakantan, 1970) and the Capripoxvirus group (Sharma & Dhanda, 1971a; Pandey & Singh, 1972) . Sheep and goats that have recovered from capripox infection develop precipitating antibodies that can be detected between 10 and 50 days postinfection (Lefevre, 1983) . The results of investigations into the number of antigens of the capripoxvirus group have been confusing (for review, see Kitching, 1983) , probably due to the different methods used by different workers for the preparation of antigens. As few strains of capripoxvirus will grow on the chorioallantoic membrane of the developing chick embryo, antigens for the AGID test have been prepared from infected animal tissue (Bhambani & Krishna Murty, 1963; Sharma & Dhanda, 1971a; Subba Rao & Malik, 1983) . There is one report of the production of capripox precipitating antigen from tissue culture (AI-Bana, 1978) . The difficulty in producing standard and reproducible antigens added to the different methods used to produce antibody has delayed the acceptance of the AGID test as a useful serological test for capripox.
The present work describes the production of a [35S]methionine-labelled capripoxvirus antigen and its use in the AGID test and in the study of the major common precipitating antigen. Viruses. Isolates of Nigeria sheep pox, Yemen goat pox, Kenya sheep and goat pox, Oman sheep pox, Sudan sheep pox and Sudan goat pox, as previously described, were used (Kitching & Taylor, 1985a; Kitching & Mellor, 1985) . A vaccine strain of lumpy skin disease (LSD) Neethling virus was supplied by Dr B. Erasmus of the Veterinary Research Institute, Onderstepoort, Republic of South Africa.
METHODS

Materials
Sera. Sera were collected from sheep and goats which had recovered from infection with the isolates of viruses listed above. Sera against LSD were supplied by Dr B. Erasmus, and sera against contagious pustular dermatitis 0000-6745 0 1986 SGM (CPD) were supplied by Dr G. R. Scott of the Centre for Tropical Veterinary Medicine, Edinburgh, U.K. The sera against CPD had been collected at weekly intervals from three lambs infected with CPD, in a natural outbreak which had affected the majority of a flock of 52 lambs. One of the sampled lambs developed severe clinical lesions of CPD which persisted for 8 weeks, one had milder clinical signs, also persisting 8 weeks, while the third sampled lamb showed mild clinical signs of CPD for only 3 weeks.
Antigen preparation. Confluent monolayers of secondary lamb testis (LT) cells (1.5 x 107 per Roux flask) were infected with a capripoxvirus (m.o.i. 1:1) for 90 min at 37 °C. The inoculum was removed, the monolayer washed twice with phosphate-buffered saline (PBS), 100 ml Glasgow-modified Eagle's medium (GMEM) added, and incubation was continued at 37 °C. Twenty-four h post-infection the monolayer was washed once with PBS, and 100 ml methionine-depleted GMEM (2.5 ~tg/ml, i.e. 1/6 normal concentration) was added. One-hundred ~tCi [asS] methionine was added to the tissue culture flask and at 24 hourly intervals, until over 90% of the cells were showing c.p.e. This usually occurred at 5 to 6 days after infection. The cells were harvested with a rubber policeman, resuspended in GMEM (5 ml), frozen to -20°C and thawed. The resultant suspension was centrifuged at 600 g for 10 min. The supernatant was used as the antigen preparation in all the reported experiments. Antigen was prepared in this manner using the Kenya, Nigeria, Yemen and LSD virus isolates. A negative control antigen from uninfected tissue culture cells was prepared, as described above.
Antigen was also prepared from a skin papule ofa Soay sheep which had died from infection with the Nigeria isolate (Kitching & Taylor, 1985a) . A 50% (w/v) suspension of the papule was prepared by grinding it with sterile sand and GMEM, and the supernatant collected after centrifugation at 600 g for 10 min.
Agar gel immunodifJusion test. The AGID test was carried out according to the method of Lefevre & Taylor (1983) . Briefly, 13"0 Litex agarose was prepared in borate buffer pH 8.6, dissolved by heating, and 2 ml poured on to a glass microscope slide (76 × 26 mm). When the agar had solidified, wells were cut to give a six-well rosette around a central well. Each well was 5 mm in diameter, with a distance of 7 mm between the middle of the central well and the middle of each peripheral well. Eighteen ial of the soluble antigen was added to the central well, and 18 ~tl of serum was added to each of the peripheral wells. The slides were placed in a humidified chamber at room temperature for 48 h, and examined for visible precipitation lines, using a light box. The slides were washed for 3 days in 0.85~ saline and then for 24 h in distilled water. The gel was dried to a thin film at room temperature and placed against an X-ray film in a cassette for 48 h. Slides prepared using antigen of animal origin were compared with those using the labelled infected tissue culture antigen by staining the precipitated proteins with Coomassie Brilliant Blue.
Gels were also prepared in 11 cm diam. plastic Petri dishes. Two parallel rectangular wells 160 x 2 mm) were cut, 4 mm apart.
[35S]Methionine-labelled antigen was placed in one well and convalescent serum in the parallel well. After 48 h the agar gel between the wells was cut out and washed in 0.85~ saline and distilled water for 4 days.
Virus purification. Radiolabelled infected cultures were prepared in Roux flasks as described for antigen production except that the cells were frozen when approximately 50~ of the cells were showing c.p.e. Following thawing the suspension was centrifuged at 600 g for 20 min and the supernatant retained for virus purification using a modification of the method described by AI-Bana (1978) . The supernatant was centrifuged at 39100 g for 2 h at 4 °C. The resultant pellet was resuspended in 0.5 ml of cold PBS pH 7.2, and incubated at 37 °C for 15 min with DNase at a final concentration of 25 ~tg/ml, followed by a further 15 min incubation at 37 °C with trypsin (100 ~tg/ml). The solution was then cooled to 4 °C and trypsin inhibitor added at a final concentration of 75 gtg/ml. The virus suspension was layered on to a 36,°/o (w/v) sucrose cushion and centrifuged at 4 °C at 82500 g for 90 rain. The resultant pellet was resuspended in 0.5 ml 0.01 M-Tris-HC1, 1 mM-EDTA, pH 7.8, layered on to a 40 to 60~ (w/v) sucrose gradient in the Tris/EDTA buffer and centrifuged at 57 640 g at 4 °C for 65 rain. The virus had been shown by previous electron microscope studies (R. P. Kitching & C. M. Smale, unpublished) to be concentrated in the two opaque bands which form at approximately one-third and two-thirds of the distance from the top of the sucrose gradient. These opaque bands were removed with a Pasteur pipette, mixed and diluted with an equal volume of the Tris/EDTA buffer. The virus was recovered by centrifugation at 81800 g at 4 °C for 60 min and the pellet of purified virus was suspended in 0.5 ml Tris/EDTA buffer.
Polyacrylamide gel electrophoresis (PAGE).
Purified virus polypeptides and the proteins that precipitated in the agar gel taken from Petri dishes were analysed using discontinuous PAGE (Laemmli, 1970) . Samples of purified virus and of agar containing radiolabelled precipitated viral proteins were heated for 3 min in a water-bath held at 100 °C, with 0.2 vol. of a fivefold concentrated dissociating buffer (Laemmli, 1970) 
RESULTS
The main structural polypeptides of the capripoxvirus isolates used in this study appeared to be identical when analysed by PAGE. More than 20 co-migrating polypeptide bands could be distinguished, five of which were strongly labelled relative to the other polypeptides (Fig. 1) . The molecular weight of these five major polypeptides were 67000 (67K), 64K, 47K, 30K and 22K, as determined by comparison with 1*C-labelled polypeptide markers.
The labelled Nigeria isolate antigen prepared from tissue culture produced one major and one or two additional precipitation lines in the A G I D test with convalescent sera from animals infected with Nigeria sheep pox, as detected with Coomassie Brilliant Blue stain. The development and appearance of the precipitation lines were similar to that seen using antigen prepared from a papule collected from an infected animal (Fig. 2) . The tissue culture-prepared antigen was thus suitable for use in diagnostic and comparative tests.
The number of precipitation lines formed in agar gel was dependent on the time interval Capripo xvirus antigen 143 between infection and the collection of sera and also on the severity of clinical signs shown by the donor animals. The major line developed with sera collected 15 days after infection and a second line could be observed when sera collected at 37 days were used (Fig. 3a) . A third line was observed only with sera collected 53 days post-infection from sheep that had recovered from a severe infection; it could no longer be detected by day 85 (results not shown). However, the first and second lines were still observed using sera collected on day 113. No precipitation lines were observed using antigen prepared from uninfected tissue culture. If the gels were subsequently prepared for autoradiography, the sensitivity of the AGID test was markedly improved. Thus, the second precipitation line, not seen in sera until day 42 postinfection using Coomassie Brilliant Blue stain, was detected with day 21 post-infection sera using autoradiography (Fig. 3b) . Sera from sheep or goats recovered from mild capripox infection or following vaccination also frequently failed to produce a precipitation line detectable with Coomassie Brilliant Blue, whereas a line was readily demonstrable using autoradiography. Non-specific visible precipitation lines, in many instances due to reaction between antibodies to bovine serum, in the test serum, and bovine serum present in the antigen, were not detected using radiolabelled antigen followed by autoradiography.
The labelled Nigeria antigen was tested against sera collected at intervals from sheep which were infected and had recovered from infection with the Sudan sheep or goat isolates. Two precipitation lines were observed in the same sequence and time intervals as had been observed with the convalescent sera from sheep recovered from infection with the Nigeria isolate (Fig. 4 , reaction with Sudan goat pox antisera shown). Labelled antigen prepared from the Nigeria, Yemen, Kenya and LSD virus isolates were tested in various combinations with sera collected from sheep that had recovered from infection with the Nigeria, Yemen, Kenya, Sudan sheep or Oman virus isolates, and with cattle sera against LSD virus (Fig. 5) . The precipitation lines between heterologous and homologous reactants joined without the formation of spurs, irrespective of which of the four antigens was used in the central well, thus demonstrating the presence of a common antigen. The development of one or two precipitation lines was not dependent on the sera and antigen being homologous, but on the relative concentrations of the reactants. When the labelled Nigeria antigen was used with sera collected from a lamb that had recovered from severe CPD infection, a single precipitation line was observed from day 22 after the development of clinical signs (Fig. 6 ). This formed a line of identity with the major precipitation line of the control capripox-positive sera in the adjacent wells. However, no radiolabelled precipitation line was observed with sera from lambs that had experienced milder CPD infection.
Analysis by PAGE of the major radiolabelled precipitating antigen using different combinations of antigen and antisera showed that in each instance this major precipitating antigen co-migrated (Fig. 7) . The molecular weight of this antigen was 67K, as determined by comparison with 14C-labelled polypeptide markers. This antigen co-migrated with the 67K structural polypeptide present in the purified capripoxvirus isolates (Fig. 8) .
DISCUSSION
Sera from sheep, goats and cattle that had recovered from infection with capripoxvirus produced a major common precipitation line on AGID. This line was the first and frequently the only line to develop. With those sera which produced more than one precipitation line, the number of precipitation lines observed using homologous or heterologous antigen was the same. This result indicated that the number of lines produced by immune sera and antigen was not necessarily related to their homogeneity, but to the relative concentrations of the reactants. The use of the [35S]methionine-labelled antigen has improved the sensitivity of the AGID and increased the duration of time, to over 1 year after infection, in which precipitating antibodies can be detected. The use of labelled antigens of isolates of sheep pox virus, goat pox virus, sheep and goat pox virus and LSD virus, produced under similar conditions, has also made possible a direct comparison between homologous and heterologous precipitating reactants. The major [35S]methionine_labelled precipitating antigen of the four isolates of capripoxvirus used in this study formed a common line of identity when used in adjacent wells in the AGID test. They also co-migrated when analysed by PAGE. These similarities suggested that this major common antigen was the same polypeptide in all four isolates, and was probably shared by all isolates of capripoxvirus.
It was found that the AGID test could not be used to distinguish between the different members of the Capripoxvirus group. Reports by other research workers (for review, see Lefevre, 1983 ) that goat pox antigen and sheep pox antigen produced more precipitation lines with homologous sera than with heterologous sera could not be confirmed using tissue culturederived antigen. Esposito et al. (1977) examined the serological relatedness of monkey pox, variola and vaccinia viruses. By adsorbing antisera to one of these orthopoxviruses with a heterologous antigen, they were able to remove common antibodies and leave specific homologous antibodies which could be demonstrated using the AGID test. A1-Bana (1978) , using the same technique, was able to distinguish between a Turkish strain of sheep pox and a Turkish strain of goat pox, using hyperimmune but not convalescent sera.
The cross-reaction between capripox antigen and sera from a lamb recovering from severe CPD infection showed that CPD virus shares a precipitating polypeptide of the same molecular weight as capripoxvirus. This cross-reaction had previously been reported by Dhanda (1971b) and Subba Rao et al. (1984) , but considered of little importance by those using the AGID test for the diagnosis of capripox (Dardiri, 1978) . However, it is our view that because of this cross-reaction with CPD serum the AGID test cannot be used on an individual basis. Nevertheless, it could be of considerable use in epidemiological surveys when large numbers of sera are being examined, and in assessing response to capripox vaccination, where pre-and postvaccination sera are available. Experiments (R. P. Kitching, unpublished) have shown that immunity to challenge with virulent capripoxvirus persists in vaccinated animals when precipitating antibodies can no longer be detected with the [3SS]methionine-labeUed antigen. This indicated that the absence of detectable precipitating antibodies cannot necessarily be equated with susceptibility to capripox infection.
The main structural polypeptides of the capripoxvirus isolates used in this study appeared to be identical when analysed by PAGE. In particular, they all contained two polypeptides of tool. wt. 67K and 64K, the larger of which co-migrated on PAGE with the major common precipitating antigen. Preliminary work using detergent-treated purified virus preparations showed that this antigen was located on the outer membrane of the virus particle (results not shown). Fig. 4 . Autoradiography of agar gel, showing development of precipitation lines using antisera to Sudan goat pox. Radiolabelled Nigeria antigen (central wells). Wells 1 to 12, sera from sheep inoculated with Sudan goat isolate days 0, 10, 18, 35, 38, 53, 82, 125, 166, 194, 216 and 264 post-inoculation respectively. The results reported here have demonstrated the close biochemical relationship between members of the capripox group of viruses. Previous work (Davies & Otema, 1981 ; Kitching & Taylor, 1985a, b; Kitching & Mellor, 1985) has shown the close antigenic and epidemiological relationship between sheep pox virus, goat pox virus, sheep and goat pox virus and LSD virus. Taken together, these results would cast doubt on the justification for the continued classification of the capripoxviruses into distinct types (Matthews, 1982 The work on capripoxvirus at the Animal Virus Research Institute, Pirbright, is supported by a grant from the Overseas Development Administration, Eland House, Stag Place, London, U.K.
